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MaBACKGROUND The decision to undergo mitral valve surgery is often made on the basis of echocardiographic criteria
and clinical assessment. Recent changes in treatment guidelines recommending surgery in asymptomatic patients make
the accurate assessment of mitral regurgitation (MR) severity even more important.
OBJECTIVES The purpose of this study was to compare echocardiography and magnetic resonance imaging (MRI) in the
assessment of MR severity using the degree of left ventricular (LV) remodeling after surgery as the reference standard.
METHODS In this prospective multicenter trial, MR severity was assessed in 103 patients using both echocardiography
and MRI. Thirty-eight patients subsequently had isolated mitral valve surgery, and 26 of these had an additional MRI
performed 5 to 7 months after surgery. The pre-surgical estimate of regurgitant severity was correlated with the
postoperative decrease in LV end-diastolic volume.
RESULTS Agreement between MRI and echocardiographic estimates of MR severity was modest in the overall cohort
(r ¼ 0.6; p < 0.0001), and there was a poorer correlation in the subset of patients sent for surgery (r ¼ 0.4; p ¼ 0.01).
There was a strong correlation between post-surgical LV remodeling and MR severity as assessed by MRI (r ¼ 0.85;
p < 0.0001), and no correlation between post-surgical LV remodeling and MR severity as assessed by echocardiography
(r ¼ 0.32; p ¼ 0.1).
CONCLUSIONS The data suggest that MRI is more accurate than echocardiography in assessing the severity of MR.
MRI should be considered in those patients when MR severity as assessed by echocardiography is inﬂuencing important
clinical decisions, such as the decision to undergo MR surgery. (J Am Coll Cardiol 2015;65:1078–88) © 2015 by the
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1079In such cases, accurate assessment of MR severity
becomes even more important.SEE PAGE 1089 ASE = American Society of
Echocardiography
CI = conﬁdence interval
EDV = end-diastolic volume
FOV = ﬁeld of view
ICC = intraclass correlation
coefﬁcient
LV = left ventricular
MR = mitral regurgitation
MRI = magnetic resonance
imaging
MV = mitral valve
PISA = proximal isovelocity
surface area
TR/TE = repetition time/
echo timeMany studies have been published regarding the
ability of echocardiography to assess the severity of
MR, either qualitatively or quantitatively. A common
weakness of many of these studies is that they lack
comparison with a “gold” or reference standard to
validate their accuracy. Although several early
studies compared echocardiography with invasive
ventriculography (4–7), the consensus today is that
echocardiography is superior to ventriculography for
determining the severity of MR (1).
Current American Society of Echocardiography
(ASE) guidelines for quantiﬁcation of MR recommend
an integrated approach that relies on multiple
echocardiographic techniques (8). However, the
guidelines are silent on the weighting of individual
components and do not provide an approach to
reconciling situations in which individual measures
are inconsistent. In addition, there are limitations to
echocardiographic techniques when regurgitant jets
are noncircular, eccentric, or nonholosystolic.
Magnetic resonance imaging (MRI) is an alternative
imaging modality that can accurately quantify the
severity of MR (9–11). Using MRI, we previously
demonstrated a tight coupling between regurgitant
volume and LV end-diastolic volume (EDV) in pa-
tients with chronic primary MR (12). This is consistent
with the notion that LV enlargement is an important
compensatory mechanism that augments stroke vol-
ume and maintains constant forward ﬂow in the
setting of MR (13,14).
Previous studies have shown that after mitral valve
(MV) repair or replacement, the left ventricle de-
creases in size as it remodels (15–18). The purpose of
this study is to compare MRI with echocardiography
in the assessment of MR severity and to determine
the extent to which these modalities can predict the
degree of LV remodeling after isolated MV surgery.
METHODS
This prospective multicenter study included 103 pa-
tients (age 61  14 years, 57% male) with MR on echo-
cardiography. Patients were recruited from the
echocardiography laboratories of the participating in-
stitutions and from physician referrals. Exclusion
criteria included more than mild aortic regurgitation,
aortic stenosis, or mitral stenosis; planned coronary
revascularization; intracardiac shunt; hypertrophic
cardiomyopathy; pregnancy; and contraindication
to MRI. Patients with incomplete or suboptimalechocardiographic studieswere excluded. The
institutional review board of each partici-
pating institution approved this research
protocol.
ECHOCARDIOGRAMS. Echocardiograms were
obtained and viewed using commercially avail-
able ultrasound machines (Acuson Sequoia,
Siemens, Mountain View, California; iE33
xMATRIX, Philips, Andover, Massachusetts)
and software (ProSolv, Fujiﬁlm, Indianapolis,
Indiana). Comprehensive echocardiograms
were obtained to allow an integrated ap-
proach to the assessment of MR severity, as
recommended by the ASE (8). Components
included were mitral regurgitant jet dimen-
sions, regurgitant volume and regurgitant
oriﬁce area calculated using the proxi-
mal isovelocity surface area (PISA) technique,
mitral E wave, vena contracta, left atrial volume, LV
dimensions, and pulmonary vein systolic ﬂow char-
acteristics. Transthoracic echocardiograms were ac-
quired using the standard imaging views: parasternal
long and short axes and the apical 2-, 3-, and 4-chamber
views. Transesophageal echocardiograms were ac-
quired in patients (n¼ 38, 37%) when the transthoracic
evaluation was inadequate or technically difﬁcult or
when there was a need to further deﬁne MV
morphology (1). Color Doppler interrogation of the MR
jet was performed in multiple views. Vena contracta
was measured in the modiﬁed parasternal long-axis
view as the narrowest portion of the jet (8). PISA was
measured in the apical 2-, 3-, and 4-chamber views
with the lower Nyquist limit set at 32 to 42 cm/s and
zoomed in on the area of ﬂow convergence (8). Peak
MR jet velocity and velocity time integral were deter-
mined using continuous-wave Doppler across the MV
(8). MR volume and effective regurgitant oriﬁce area
were calculated based on the PISA measurement as
previously described (8). For eccentric MR jets, angle
correction was applied to improve the accuracy of the
effective regurgitant oriﬁce area and the regurgitant
volume quantiﬁcation (19). Pulmonary vein systolic
ﬂow was recorded using pulsed-wave Doppler inter-
rogation of the right upper pulmonary vein and left-
sided veins when possible (8). Pulmonary vein ﬂow
was categorized as either systolic predominant, sys-
tolic blunting, or systolic reversal (20). Mitral inﬂow
velocities were determined per ASE guidelines (20). LV
volumes were determined using themodiﬁed Simpson
biplane method (21). Tricuspid regurgitant velocity
was measured as the highest peak continuous-wave
Doppler velocity as determined in multiple views.
MV prolapse was deﬁned as an abnormal systolic
TABLE 1 Baseline Patient Clinical and Demographic Data (N¼ 103)
Age, yrs 61  14
Male 59 (57)
Hypertension 51 (51)
Diabetes mellitus 13 (13)
Hyperlipidemia 33 (32)
Smoking history 17 (17)
Coronary artery disease 10 (10)
Myocardial infarction 5 (5)
Stroke 2 (2)
Dyspnea 39 (38)
Degenerative mitral regurgitation 49 (47)
Mitral valve prolapse 30 (29)
Mitral valve ﬂail 19 (18)
Functional MR 19 (18)
Regurgitant jet type
Eccentric 59 (57)
Central 44 (43)
Values are mean  SD or n (%).
TABLE 2 Interobserver Variability for MRI and Echo
MRI Reader 1
TotalMild Moderate Severe
MRI reader 2 Mild 41 6 0 47
Moderate 1 25 1 27
Severe 0 0 9 9
Total 42 31 10 83
Echo Reader 1
TotalMild Moderate Severe
Echo reader 2 Mild 9 7 0 16
Moderate 5 14 15 34
Severe 0 9 34 43
Total 14 30 49 93
Echo ¼ echocardiography; MRI ¼ magnetic resonance imaging.
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1080displacement (billowing) of 1 or both leaﬂets $2 mm
above the mitral annulus plane in any long-axis view
(1). Flail mitral leaﬂet was deﬁned as unrestricted
systolic motion of the mitral leaﬂet tip between the
left atrium and the left ventricle (1). All 103 trans-
thoracic and 38 transesophageal echocardiograms
were read in a blinded manner by experienced echo-
cardiographers in a central core laboratory and graded
qualitatively as mild, moderate, or severe by inte-
grating all echocardiographic information, including
PISA, effective regurgitant oriﬁce area, vena contracta,
left atrial and LV size, pulmonary vein ﬂow pattern,
and MR Doppler jet characteristics such as color
Doppler area, eccentricity, and temporal variation (8).
MR volume was calculated using the PISA method for
all patients (8). All echocardiograms were assessed
for quality and scored as follows: 1 ¼ excellent,
2 ¼ good, 3 ¼ fair, and 4 ¼ poor. Readers blinded to
the patient’s clinical data and the initial study inter-
pretation assessed the interobserver variability of MR
severity in a subset of 93 patients.
MAGNETIC RESONANCE IMAGING. Patients were
imaged at 1.5- or 3.0-T. Images were acquired with a
cardiac coil, electrocardiographic gating, and breath
holding. At 1.5-T, short- and long-axis cine images
were acquired using steady-state free precession
with nominal parameters: repetition time/echo time
(TR/TE), 3.3 ms/1.4 ms, 20 views per segment; ﬁeld
of view (FOV), 35  35 cm; matrix, 192  160; slice
thickness, 8 mm; and ﬂip angle, 45. Phase contrast
images were acquired perpendicular to the proximal
pulmonary artery and/or aorta to quantify ﬂow using
nominal parameters: TR/TE, 7.5 ms/2.9 ms, 6 views
per segment; velocity encoding (Venc) 250 cm/s; FOV,
35  35 cm; matrix, 256  128; slice thickness, 4 mm;
and ﬂip angle, 20. At 3.0-T, short- and long-axis
images were acquired using steady-state free pre-
cession with nominal parameters: TR/TE, 3.7 ms/1.4
ms, 20 views per segment; FOV, 36  31 cm; matrix,
168  208; slice thickness, 8 mm; and ﬂip angle, 60.
Phase contrast images were acquired using nominal
parameters: TR/TE, 6.8 ms/3.0 ms, 6 views per
segment; Venc, 250 cm/s; FOV, 35  30 cm; matrix,
256  128; slice thickness, 5 mm; and ﬂip angle, 15.
Images were analyzed using SuiteHeart software
(NeoSoft, Pewaukee, Wisconsin). All MRI studies
were assessed for quality and scored as follows:
1 ¼ excellent; 2 ¼ good; 3 ¼ fair; and 4 ¼ poor. Left
and right ventricular volumes were determined by
manual segmentation of the short-axis images using a
long-axis image to deﬁne the position of the left and
right ventricular bases. Aortic and pulmonary artery
ﬂow values were determined using the residentsemiautomated algorithm. Correction for baseline
ﬂow offsets was performed as described previously
(22). Flow measurements from 2 or 3 acquisitions
were averaged. MR volume was determined as
the difference between the LV stroke volume and
forward ﬂow (12). MR volume was categorized per
American Heart Association/American College of
Cardiology guidelines: mild, <30 ml; moderate, 30 to
<60 ml; and severe, $60 ml (1). Blinded experienced
readers in a central core laboratory interpreted all
MRI studies. Readers blinded to the patients’ clinical
data and the initial study interpretation assessed
the interobserver variability of MR severity in a sub-
set of 83 patients.
COMPARISON OF MRI AND ECHOCARDIOGRAPHY.
The severity of MR, as determined by MRI and
TABLE 3 Comparison of MR Severity: MRI Versus Echo
MRI
TotalMild Moderate Severe
Echo
Mild 14 0 0 14
Moderate 19 10 2 31
Severe 20 25 13 58
Total 53 35 15 103
MR ¼ mitral regurgitation; other abbreviations as in Table 2.
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1081echocardiography, was compared using: 1) categories
of mild, moderate, and severe; and 2) calculated
regurgitant volume. Substantial discordance was
deﬁned as a difference of 2 grades.
POST-SURGICAL OUTCOMES. Patients who had iso-
lated MV surgery underwent follow-up MRI 5 to
7 months after surgery. Pre-surgical estimates of MR
volume were correlated with the change in LV EDV
after isolated MV surgery.
STATISTICAL ANALYSIS. Continuous data are pre-
sented as mean  SD or as median with 25th and 75th
percentiles. Categorical data are presented as abso-
lute numbers or percentages. Continuous data were
analyzed, where applicable, using the Student t testFIGURE 1 A Patient With Severe MR by Echocardiography (Regurgit
Isolated Mitral Valve Surgery
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C
(A) Transthoracic echocardiogram: parasternal long axis with left ventri
contracta ¼ 0.7 cm. (B) Transesophageal echocardiogram: proximal isov
hugging the left atrial wall: Nyquist limit ¼ 61.6 cm/s. (C) MRI: short ax
axis (post-surgical end-diastolic volume [Post] ¼ 172 ml), forward ﬂowand paired Student t test. The Student t test and
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cular end-diastolic dimension ¼ 6.2 cm, eccentric MR jet: Nyquist limit ¼ 63.9 cm/s, vena
elocity surface area radius ¼ 1.0 cm: Nyquist limit ¼ 31.9 cm/s, mitral valve prolapse, MR jet
is (pre-surgical end-diastolic volume [PRE] ¼ 216 ml and end-systolic volume ¼ 126 ml), short
¼ 75 ml. MR ¼ mitral regurgitation; MRI ¼ magnetic resonance imaging.
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1082analyzed using a chi-square test. Linear regression
analysis (Pearson correlation) was used to evaluate
the relationship between MR volume quantiﬁed by
echocardiography and MRI and the pre-surgery to
post-surgery change in LV EDV. Bland-Altman plots
were used to compare MR volumes between echo-
cardiography and MRI. To test the degree of con-
cordance between echocardiography and MRI for
the quantiﬁcation of MR severity, the intraclass cor-
relation coefﬁcient (ICC) for a 2-way random-effects
model with absolute agreement was calculated.
One-way analysis of variance with a post-hoc Bon-
ferroni test was used to compare means of continuous
variables among multiple groups. To test the inter-
observer reproducibility for the quantiﬁcation of
mitral regurgitant severity, the ICCs were calculated,
and the mean bias and 95% limits of agreement were
calculated with Bland-Altman analysis. Good corre-
lation was deﬁned as an ICC >0.8. All statistical an-
alyses were performed using SPSS for Windows
version 16 (SPSS Inc., Chicago, Illinois). A probability
value <0.05 was considered statistically signiﬁcant.
RESULTS
Table 1 lists baseline patient clinical and demographic
data. Of the 103 patients enrolled in this study, 49
patients (47%) had degenerative disease (prolapse/
ﬂail), and 19 patients (18%) had functional disease.
Fifty-nine patients (57%) had eccentric MR jets. The
median time between echocardiography and MRIFIGURE 2 Quantitative Comparison of Regurgitant Volume as Deter
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Figure 1.was 15 days (25th, 75th percentiles: 7, 35). There was
no clinically signiﬁcant difference between the sys-
tolic blood pressure (126  16 mm Hg vs. 128  13
mm Hg; p ¼ 0.3), diastolic blood pressure (74  11
mm Hg vs. 75  10 mm Hg; p ¼ 0.3), or heart rate
(77  17 beats/min vs. 74  14 beats/min; p ¼ 0.04) at
the time of initial evaluation with echocardiography
and MRI, respectively. Blinded reviewers scored
the echocardiograms and the MRIs as generally of
good-to-excellent quality (1.7  0.6 vs. 1.5  0.8,
respectively; p ¼ 0.2).
INTEROBSERVER VARIABILITY. Table 2 shows the
interobserver variability of MRI and echocardiogra-
phy. Reproducibility for MRI was excellent, with
agreement in 90% of patients (ICC ¼ 0.90; 95% con-
ﬁdence interval (CI): 0.85 to 0.93; p < 0.0001).
Reproducibility for echocardiography was moderate,
with agreement in 61% of patients (ICC ¼ 0.65;
95% CI: 0.51 to 0.75; p < 0.0001).
CONCORDANCE BETWEEN MRI AND ECHOCARDIOGRAPHY.
Table 3 shows a comparison of categorical assess-
ments of MR severity between echocardiography
and MRI. There was agreement in 37 of 103 patients
(36%). There was a signiﬁcant, but modest, correla-
tion between the 2 modalities (r ¼ 0.4; p < 0.0001;
ICC ¼ 0.43; 95% CI: 0.11 to 0.69; p < 0.001). If pa-
tients were characterized as having either severe or
nonsevere MR, the concordance improved to 56 of
103 patients (54%). When considering patients who
had severe MR on echocardiography, only 13 ofmined by MRI and Echo
Average Regurgitant Volume (ml)
0 25 50 75 100
Mean + 2SD = 70 ml
Mean - 2SD = –38 ml
Mean = 16 ml
125
nd-Altman plot. Echo ¼ echocardiography; other abbreviations as in
TABLE 4 ACC/AHA Class Indications, MRI Regurgitant Severity, the Presence of
Symptoms, and Echocardiographic LV Dimensions in 38 Patients Referred for
Isolated Mitral Valve Surgery
Patient # ACC/AHA Class
MRI
MR Severity Dyspnea
Echocardiography
LV EDD, cm LV ESD, cm LV EF, %
1 I Moderate No 4.3 2.3 38
2 I Severe No 5.5 3.2 54
3 I Mild Yes 4.9 3.7 42
4 I Moderate Yes 3.9 2.5 78
5 I Severe No 6.4 4.9 31
6 I Mild No 5.3 4.2 53
7 I Mild No 5.5 3.9 53
8 I Moderate No 5.1 3.5 53
9 I Mild No 4.7 3.2 59
10 IIa Mild No 4.3 3.2 66
11 I Moderate Yes 6.1 4.0 60
12 IIa Mild No 4.5 2.6 67
13 I Moderate No 6.0 4.4 56
14 I Moderate No 5.1 4.2 60
15 I Moderate Yes 5.0 3.2 70
16 I Severe Yes 6.0 3.7 42
17 I Moderate No 6.3 4.3 40
18 I Severe Yes 6.8 4.5 59
19 I Moderate Yes 5.3 4.1 72
20 I Moderate Yes 5.2 2.8 73
21 IIa Moderate No 4.5 2.8 69
22 I Severe Yes 5.6 3.4 51
23 I Severe No 6.1 4.1 56
24 I Moderate No 6.0 4.1 63
25 I Moderate Yes 5.0 2.8 68
26 I Severe No 5.8 4.2 62
27 I Mild Yes 4.7 2.7 71
28 I Moderate Yes 5.5 3.7 58
29 I Mild No 6.2 3.4 57
30 I Mild Yes 5.8 3.6 63
31 I Severe Yes 7.3 5.2 61
32 I Severe No 6.7 4.3 64
33 I Mild Yes 5.0 3.6 60
34 I Mild No 5.2 4.1 53
35 I Severe No 5.7 3.7 60
36 I Severe Yes 6.1 4.3 61
37 I Moderate No 5.2 2.7 73
38 I Severe No 5.3 3.9 58
ACC/AHA ¼ American College of Cardiology/American Heart Association; EDD ¼ end-diastolic dimension; EF ¼
ejection fraction; ESD ¼ end systolic dimension; LV ¼ left ventricular; other abbreviations as in Tables 2 and 3.
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108358 patients (22%) had severe MR on MRI. This ﬁnding
was consistent across echocardiographers. In the
subset of 93 patients reviewed by 2 additional echo-
cardiographers for interobserver variability, 9 of 43
patients (21%) and 10 of 50 patients (20%) character-
ized as having severe MR on echocardiography actu-
ally had severe MR on MRI.
Discordance between echocardiography and MRI
was sometimes substantial. In 20 of 58 patients (34%)
with severe MR on echocardiography, MR severity
was mild on MRI. There were no cases of substantial
discordance in which echocardiography graded the
MR as mild and MRI graded it as severe. Figure 1
shows a patient who underwent MV surgery and
who had severe MR by echocardiography and mild
MR by MRI. Concordance between MRI and echocar-
diography was similar when considering patients with
central MR jets (37%) and eccentric MR jets (34%). A
quantitative comparison of MR severity between
echocardiography and MRI is shown in Figure 2,
revealing a modest correlation (r ¼ 0.6; p < 0.0001;
ICC ¼ 0.67; 95% CI: 0.36 to 0.81; p < 0.0001) with
wide limits of agreement (38 to 70 ml).
LV REMODELING AFTER SURGICAL CORRECTION.
Table 4 shows the American College of Cardiology/
American Heart Association indication, mitral regur-
gitant severity, and LV dimensions as measured by
echocardiography for each of the 38 patients who
underwent isolated MV surgery. The majority had a
class I indication for MV surgery, and a small number
had a class IIa indication. Figure 3 shows the type
of MV surgery and the severity of MR as quantiﬁed
by MRI. Of the 38 patients who had MV surgery,
11 (30%) had severe MR by MRI.
Twenty-six patients were evaluated with follow-up
MRI 5 to 7 months after surgery. Of the remaining 12
patients, 7 were not yet due for their post-surgery
MRI evaluation, and 5 did not have a follow-up MRI
(2 patients died, 2 received a permanent pacemaker,
and 1 refused). Table 5 shows left and right ventric-
ular parameters before and after surgery. In general,
after surgery, LV volumes and LV ejection fraction
decreased. When comparing post-surgery changes
in LV EDV, there was a signiﬁcant difference in
the decrease in LV EDV among the categories of
mild, moderate, and severe by MRI (mild, 31 ml;
moderate, 55 ml; severe, 140 ml; p < 0.0001).
There was a nonsigniﬁcant trend in the post-surgery
decrease in LV EDV when using categories of mild,
moderate, and severe, as determined by the ASE
integrated echocardiographic method (mild, 45 ml;
moderate, 59 ml; severe, 73 ml; p ¼ 0.8). Figure 4
shows a strong correlation between regurgitantvolume, as determined by MRI, and the change in LV
EDV after surgery (r ¼ 0.85; p < 0.0001). Figure 4 also
shows no correlation between regurgitant volume,
as quantiﬁed by echocardiography, and the change in
LV EDV following surgery (r ¼ 0.32; p ¼ 0.1).
We also looked at the correlation between post-
surgical LV remodeling and preoperative left atrial
volume and LV EDV. For echocardiography, the
relationship was signiﬁcant for LV EDV (r ¼ 0.59;
p ¼ 0.0002), but not for left atrial volume (r ¼ 0.23;
p ¼ 0.4). For MRI, the correlation was stronger and
FIGURE 3 Clinical Outcomes After Isolated Mitral Valve Surgery
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In our surgical cohort, 26 of 38 patients who underwent isolated mitral valve surgery had nonsevere mitral regurgitation on the basis of
magnetic resonance imaging. Some of these patients had mitral valve replacement.
TABLE 5 Comparison of Pre-Surgical and Post-Surgical
Left and Right Ventricular Indexes, as Quantiﬁed
by Magnetic Resonance Imaging
Pre-Surgery Post-Surgery p Value
Left ventricle
End-diastolic volume, ml 226  74 158  41 <0.0001
End-systolic volume, ml 102  40 83  28 <0.0001
Stroke volume, ml 124  44 75  23 <0.0001
Ejection fraction, % 55  9 48  9 <0.0001
End-diastolic dimension, mm 6.2  0.8 5.3  0.5 <0.0001
End-systolic dimension, mm 4.4  0.7 4.0  0.7 0.05
Right ventricle
End-diastolic volume, ml 143  56 139  44 0.4
End-systolic volume, ml 68  30 71  30 0.9
Stroke volume, ml 72  30 67  19 0.07
Ejection fraction, % 53  8 49  8 0.05
Values are mean  SD.
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1084more signiﬁcant: LV end-diastolic volume (r ¼ 0.84;
p < 0.0001) and left atrial volume (r ¼ 0.78;
p < 0.0001).
DISCUSSION
In our study, there was only a modest agreement
between echocardiography and MRI in the assess-
ment of MR severity, whether one uses a categorical
or quantitative approach. Of 58 patients with a diag-
nosis of severe MR by echocardiography, 45 (78%)
had nonsevere MR by MRI. Discordance was some-
times substantial, with 20 patients (34%) with a
diagnosis of severe MR on echocardiography having
only mild MR according to MRI.
Although there are a number of possible explana-
tions for this disparity, it is unlikely that the poor
correlation between MRI and echocardiography is
due to poor-quality images. The echocardiographic
and MRI studies were rated good to excellent
by experienced readers. Experienced echocardiog-
raphers considered the echocardiograms adequate
for the analysis of MR severity on the basis of a
comprehensive approach that integrates several
well-recognized and distinct criteria, including the
size of the color ﬂow jet, the width of the vena con-
tracta, and the PISA-derived regurgitant volume and
regurgitant oriﬁce area.
It is unlikely the poor correlation between MRI and
echocardiography is due to inaccuracy of the MRI
data. Previous studies using identical methods yiel-
ded a tight coupling (r2 ¼ 0.8) between MR regur-
gitant volume and LV EDV (12). This coupling
suggests that MRI accurately determines LV EDV, LVend-systolic volume, as well as forward and regur-
gitant ﬂows. Furthermore, in the current study, the
quantitative determination of MR severity before
surgery showed a good correlation (r ¼ 0.85) with LV
negative remodeling after surgery (Figure 4). Finally,
the curve ﬁt in Figure 4 passes near the origin, sug-
gesting that there is little signiﬁcant systematic error
in the MRI data.
It is also unlikely that the difference in MR severity
is due to the nonsimultaneous acquisition of the 2
imaging tests. Dynamic changes in MR severity are
generally ascribed to changes in loading conditions,
LV systolic performance, and/or the presence of
transient ischemia. That there was no signiﬁcant
difference in blood pressure between the MRI and
echocardiographic studies suggests that differences
FIGURE 4 Post-Surgical Decrease in LV EDV Versus Pre-Surgical Regurgitant Volume
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1085in afterload are not an important consideration.
Regarding the possibility of transient ischemia, in our
subpopulation of surgical patients, the correlation
between echocardiography and MRI was equally
poor (r ¼ 0.4; p ¼ 0.01). Yet all of these patients
had preoperative cardiac catheterization, and none
had obstructive coronary artery disease. Finally, the
strong correlation between regurgitant volume, as
determined from pre-surgical MRI, and the degree of
post-surgical LV remodeling, which was assessed
months later, suggests that uncorrelated transient
changes in the severity of MR of any cause are not an
important factor in the majority of patients.
This study is not the ﬁrst to report discordance
between MRI and echocardiography when assessing
the severity of MR. Gelfand et al. (23) similarly
concluded that MRI consistently shows MR to be less
severe than echocardiography does. Assuming echo-
cardiography as the standard of reference, the in-
vestigators proposed altering thresholds for grading
MR severity by MRI to ensure concordance between
the 2 modalities (23). However, they had no addi-
tional data to determine which modality was more
accurate. In comparing the degree of postoperative
negative remodeling with preoperative regurgitant
volume, our study provides an independent refer-
ence. Subsequent studies by other investigators
(11,24,25) have also shown varying degrees of dis-
cordance between MRI and echocardiography, but
without a reference standard, no conclusion could
be drawn as to which test was more accurate.
In the subset of patients who had surgery and
underwent postoperative MRI, there was goodcorrelation between LV remodeling and MR severity
as assessed by MRI, but not when assessed by
echocardiography, either categorically or quantita-
tively, using PISA. This suggests that the MRI
determination of mitral regurgitant volume is more
accurate (Central Illustration). Our hypothesis that
post-surgical LV remodeling is related solely to
the severity of MR before surgery is an over-
simpliﬁcation but is a justiﬁed approximation on the
basis of our previously published results, which
show tight coupling between regurgitant volume and
LV EDV in patients with chronic, isolated MR (12).
Others have also used post-surgical LV remodeling
as an outcome marker after MV surgery (26). Other
variables, such as changes in cardiac rhythm, medi-
cations, and athletic conditioning, could potentially
affect LV volumes. However, to the extent that
these and other variables play a role in decoupling
the pre-surgical MR regurgitant volume with post-
surgically observed LV remodeling, one would ex-
pect the observed strong correlation to be worse, not
better.
Many echocardiographic methods for assessing MR
severity rely on analysis of a single systolic frame
when the regurgitation is most severe. However, as
we previously demonstrated, MR rate often varies
substantially during systole (27). The ratio of the
peak regurgitant rate to the mean regurgitant rate
often varies by a factor of 2 to 3. As a result, there
is substantial overlap in the peak regurgitant rate
when comparing patients with mild, moderate, and
severe MR (27). The ASE has acknowledged the
importance of considering the temporal variation of
CENTRAL ILLUSTRATION Discordance Between MRI and Echo for Assessing Chronic Mitral Regurgitation
MRI and Echo are substantially discordant when grading the severity of mitral regurgitation in 103 patients (top). MRI is better than Echo for predicting
the ventricular response to surgery, suggesting that it is more accurate than Echo for assessing the severity of mitral regurgitation (bottom).
Echo ¼ echocardiography; LV EDV ¼ left ventricular end-diastolic volume; MRI ¼ magnetic resonance imaging.
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PERSPECTIVES
COMPETENCY IN MEDICAL KNOWLEDGE: Cardiac mag-
netic resonance imaging may be more accurate than echocardi-
ography for assessing the severity of mitral regurgitation.
TRANSLATIONAL OUTLOOK: Future studies should assess
the symptomatic and functional outcomes of patients selected
for valve surgery when cardiac magnetic resonance imaging is
used to assess the severity of mitral regurgitation.
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1087the systolic jet when determining MR severity (8).
However, there is no agreed-on method for adjusting
MR regurgitant severity according to the temporal
variability of the regurgitation. The difﬁculty of
assessing nonholosystolic jets is considered most
pronounced in patients with degenerative MR. How-
ever, exclusion of patients with degenerative MR
did not improve the agreement between MRI and
echocardiography (r ¼ 0.3; p ¼ 0.03), nor did the
exclusion of patients with eccentric MR jets.
The possibility of overestimation of MR severity
has important clinical implications. Current Amer-
ican College of Cardiology/American Heart Associa-
tion guidelines advise surgery in patients with
chronic severe MR when there is LV dysfunction or
an enlarged end-systolic dimension, even in the
absence of symptoms. Patients with nonsevere MR
who are incorrectly diagnosed as having severe MR
could undergo inappropriate surgery (1). In our
study, all of the patients undergoing isolated MV
surgery had a Class I or IIa indication for surgery on
the basis of echocardiography. However, on the
basis of MRI, only 32% of surgical patients had a
Class I or IIa indication. Furthermore, 29% of
patients who had isolated MV surgery had only
mild MR.
Agreement between echocardiography and MRI is
good when diagnosing mild MR. In our study, all
patients receiving a diagnosis of mild MR by echo-
cardiography were found to have mild MR by MRI.
Discordance between echocardiography and MRI was
limited to patients who echocardiographically had
moderate or severe regurgitation. An inherent prob-
lem with the American Heart Association/American
College of Cardiology guidelines is the assumption
that MR is accurately characterized as severe (1).
If that diagnosis has been made incorrectly, it is
possible that a patient could undergo inappropriate
surgery (1).
STUDY LIMITATIONS. This was a small multicenter
trial. A larger trial is needed to determine the extent to
which these results can be generalized. The limitation
of nonsimultaneous acquisition of MRI and echocar-
diography data has been noted. Quantiﬁcation of re-
gurgitant volume by echocardiography was based onthe PISA method, which has well-recognized limita-
tions. The MRI method for quantifying MR severity
is most analogous to the quantitative Doppler method
of assessing MR severity with echocardiography, a
method that was not used in this study. Although
quantitative Doppler assessment of MR severity is
technically challenging and not routinely performed in
clinical practice, a direct comparison betweenMRI and
echocardiography based on the same physical princi-
ples would be of interest. Finally, this study does not
include an outcomes analysis to assess changes in the
functional or symptomatic status of patients after MV
surgery.
CONCLUSIONS
MRI and echocardiography have only a modest cor-
relation in the assessment of MR severity. The strong
correlation between MR severity and post-surgical LV
remodeling suggests that MRI is more accurate.
Should the results of this study be conﬁrmed, there
are important clinical implications, notably related to
the timing or indications for surgery.
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